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The t r a n s v e r s e a c o u s t o e l e c t r i c v o l t a g e (TAV) i s m o n i t o r e d a c r o s s t h e Hgl-x Cd, Te s a m p l e which i s p l a c e d i n p r o x i m i t y of a LiNbOj d e l a y l i n e . TAV is d e v e l o p e d due t o t h e n o n l i n e a r i n t e ra c t i o n between t h e e l e c t r i c f i e l d accompanying SAW, and t h e f r e e c a r r i e r s n e a r t h e Hgl-x Cd, T e s u r f a c e .
C o n t a c t l e s s TAV and s u r f a c e p h o t o v o l t a g e s p e c t r oscopy a r e performed t o d e t e r m i n e t h e bandgap and t h u s t h e a l l o y c o m p o s i t i o n ( x ) of
Hgl-x Cd, Te.
I n t h i s work Hgl-x Cd, T e e l e c t r o n i c propThe TAL' v e r s u s v o l t a g e measurements are a l s o p e r f o r m e d f o r f u r t h e r i n v e s t i g a t i o n of Hgl-x Cd, Te s u r f a c e p r o p e r t i e s ( s u c h as c o n d u c t i v i t y t y p e and p o s s i b l e s u r f a c e i n v e r s i o n d u e t o p a s s i v a t i o n by

ZnS).
I n t r o d u c t i o n F u l l s c a l e p r o d u c t i o n f o r c u r r e n t and f u t u r e g e n e r a t i o n m i l i t a r y i n f r a r e d s y s t e m s w i l l r e q u i r e l i n e a r a r r a y s and mosaic f o c a l p l a n e s w i t h a l a r g e number of i n f r a r e
d d e t e c t o r s . Mercury cadmium t e l l u r i d e p r o v i d e s a p r e d o m i n a n t r o l e a s t h e materi a l f o r t h e s e d e t e c t 0 r s . l p h o t o -d e t e c t o r p r o d u c t i o n and maximum y i e l d f o r s y s t e m s s u c h as Advanced FLIR Technology (AFT), Thermal Weapon S i g h t s (TWS) and t h e S h u t t l e I n f r a r e d T e l e s c o p e F a c i l i t y (SIRTF), advanced n o n d e s t r u c t i v e c o n t a c t l e s s t e c h n i q u e s w i l l b e needed.
To m a i n t a i n h i g h volume F o r example, a f a s t , r e l i a b l e c o n t a c t l e s s t e c h n i q u e i s h i g h l y d e s i r a b l e f o r c h a r a c t e r i z i n g s e m i c o n d u c t o r m a t e r i a l s a t s e v e r a l key p r o d u c t i o n p o i n t s b e f o r e c o m p l e t i o n of t h e f i n a l p h o t o d e t e c t o r . These p o i n t s may i n c l u d e a n n e a l i n g , s l i c i n g , p o l i s hi n g , e t c h i n g , s u r f a c e p a s s i v a t i o n and i m p l a n t prof i l i n g . C o n t a c t l e s s t e s t i n g p r o v i d e s c o n s i d e r a b l e s a v i n g s i n l a b o r and m a t e r i a l s by r e j e c t i n g a f a u l t y d e v i c e e a r l y d u r i n g p r o d u c t i o n and by making t h i s d e t e r m i n a t i o n w i t h r e l a t i v e e a s e compared w i t h o t h e r t e c h n i q u e s r e q u i r i n g ohmic c o n t a c t s o r m e t a l l i z at i o n . The c o n t a c t l e s s t e c h n i q u e c h o s e n f o r t h i s p a p e r u s e s S u r f a c e A c o u s t i c Wave (SAW). D i f f e r e n t i m p l e m e n t a t i o n s 'of t h e SAW technique2-10 h a v e b e e n is e x t e n d e d t o i n c l u d e Cadmium T e l l u r i d e (CdTe) and Mercury Cadmium T e l l u r i d e w i t h v a r y i n g a l l o v compos i t i o n (Hgl-x Cdx T e ) .
The main f e a t u r e of t h e SAW t e c h n i q u e i s t h a t t h e p r o b i n g t o o l i s a n AC e l e c t r i c f i e l d which i s g e n e r a t e d a t t h e s u r f a c e o f a p i e z o e l e c t r i c m a t e r i a l and i s c o u p l e d t o t h e s e m i c o n d u c t o r s u r f a c e w i t h o u t any form o f c o n t a c t . To p r o d u c e t h i s e l e c t r i c f i e l d t h e SAW i s g e n e r a t e d by a p p l y i n g r f v o l t a g e t o t h e i n t e r d i g i t a l t r a n s d u c e r s made on t h e s u r f a c e o f a p i e z o e l e c t r i c m a t e r i a l (LiNb0,)233 as shown i n f i g u r e l a . Because LiNbO3 i s p i e z o e l e c t r i c , t h e e l a s t i c wave i s a c c o n p a n i e d by a n e l e c t r i c f i e l d w i t h a component p e r p e n d i c u l a r t o t h e s u r f a c e of t h e L i N b O 3 s u b s t r a t e ( p r o b i n g f i e l d ) . T h i s compon e n t e x i s t s o u t s i d e t h e LiNb03 t o a d i s t a n c e o f a b o u t a n a c o u s t i c w a v e l e n g t h ( E 31.6 !Jm f o r 110 MHz r f p u l s e ) . When t h e p r o b i n g e l e c t r i c f i e l d r e a c h e s u n d e r t h e s e m i c o n d u c t o r s u r f a c e (which i s p l a c e d above t h e d e l a y l i n e ( f i g . l b ) , t h e a c o u s t o -e l e c t r i c i n t e r a c t i o n w i t h t h e f r e e c a r r i e r s of t h e semicond u c t o r s m a n i f e s t s i t s e l f a s a t t e n u a t i o n and change i n v e l o c i t y of SAW and t h e a p p e a r a n c e of a d . c . v o l t a g e a c r o s s t h e s e m i c o n d u c t o r . The t r a n s v e r s e component of t h i s v o l t a g e which i s c a l l e d t h e t r a n s v e r s e a c o u s t o e l e c t r i c v o l t a g e (TAV) i s t h e m o n i t o r e d s i g n a l t h r o u g h o u t t h e f o l l o w i n g e x p e r im e n t s . The p e n e t r a t i o n d e p t h of t h e p r o b i n g f i e l d i s on t h e o r d e r o f t h e s e m i c o n d u c t o r e x t r i n s i c Debye l e n g t h o r t h e a c o u s t i c wave l e n g t h , w h i c h e v e r is s h o r t e r . TAV s i g n a l c a n b e m o n i t o r e d by p l a c i n g a m e t a l p l a t e above t h e s e m i c o n d u c t o r and a n o t h e r one e i t h e r below t h e LiNb03 s u b s t r a t e ( f i g . l b ) o r above i t ( f i g . I d ) . To m o n i t o r t h e d c TAV s i g n a l t h r o u g h t h e p o s s i b l e i n s u l a t o r s , t h e r f v o l t a g e and t h u s t h e p r o b i n g e l e c t r i c f i e l d are p u l s e d . TA\' i s c a p a c i t i v e l y c o u p l e d t o t h e m e t a l p l a t e s , s o t h e p r e s e n c e o r a b s e n c e o f i n s u l a t o r l a y e r on t h e s e m ic o n d u c t o r s u r f a c e i s i m m a t e r i a l .
The n a t u r e of t h e s e c o n t a c t s t h r o u g h which t h e TAV i s m o n i t o r e d i s i m p o r t a n t f o r a n o n d e s t r u c t i v e measurement. I n s p e c t r o s c o p y measurements, t h e c o n f i g u r a t i o n of f i g . l b i s u s e d where t h e ground p a t h i s a n AR p l a t e e v a p o r a t e d u n d e r n e a t h t h e LiNbO3 and t h e monoc h r o m a t i c i n c i d e n t beams a r e s h o n e on t h e semicond u c t o r s u r f a c e t h r o u g h a s m a l l window. This s t r u ct u r e i s s u f f i c i e n t f o r s p e c t r o s c o p i c measurements where t h e m o d u l a t i o n o f t h e s u r f a c e p o t e n t i a l by a n e x t e r n a l d c b i a s i s n o t n e e d e d . On t h e c o n t r a r y , i f t h e s u r f a c e p o t e n t i a l h a s t o b e m o d u l a t e d , a v e r y l a r g e v o l t a g e i n e x c e s s
of 1000 v o l t s i s needed t o s u s t a i n t h e v o l t a g e d r o p a c r o s s t h e t h i c k LiNbO3 s u b s t r a t e ( 2 3 m ) . ? To overcome t h i s problem, t h e new c o n f i g u r a t i o n which i s shown i n f i g . IC i s d e v i s e d . I n t h i s c o n f i g u r a t i o n , a t h i n aluminum s t r u c t u r e (= 1000 A' ) i s e v a p o r a t e d on t h e LiNbOj s u r f a c e which p r o v i d e s t h e ground p a t h f o r t h e TAV s i g n a l . A t t h e c e n t e r of t h e aluminum s t r u c t u r e , a window i s made which a c t s as t h e i n t e r a c t i o n r e g i o n . Under t h e AL c o v e r e d a r e a t h e e l e c t r i c f i e l d t e n d s t o z e r o w h i l e t h e m
e c h a n i c a l wave c o n t i n u e s t o propa g a t e . Once t h e m e c h a n i c a l wave r e a c h e s t h e i n t e ra c t i o n window, t h e p r o b i n g e l e c t r i c f i e l d i s r e g e n e r a t e d . The s e m i c o n d u c t o r u n d e r t e s t i s p l a c e d above t h e i n t e r a c t i o n r e g i o n where t h e p r o b i n g e l e c t r i c f i e l d p e n e t r a t e s i n s i d e t h e s e m i c o n d u c t o r and p r o d u c e s t h e TAV s i g n a l ( f i g .
I d ) . To change t h e s u r f a c e p o t e n t i a l a d c v o l t a g e i s a p p l i e d a c r o s s t h e s e m i c o n d u c t o r t h r o u g h t h e s a m e s t r u c t u r e used t o d e t e c t t h e TAV s i g n a l . To c o m p l e t e t h e c i r c u i t a n A t p l a t e is p r e s s e d on t h e s e m i c o n d u c t o r back s u r f a c e and t h e ground p a t h i s t h e AR s t r u ct u r e on t h e s u r f a c e o f LiNbO3. The c o n t a c t t o t h e s u r f a c e u n d e r s t u d y ( d e v i c e s i d e ) i s of s p e c i a l i m p o r t a n c e . T h i s c o n t a c t i s s i m p l y p r o v i d e d by p l a c i n g t h e s e m i c o n d u c t o r on t h e Ak c o a t e d LiNbO3 ( f i g . I d ) and t h e r e i s no p r o c e s s i n g i n v o l v e d . The ground p a t h on t h e s u r f a c e of t h e LiNbO3 h a s r e d u c e d t h e n e c e s s a r y m a g n i t u d e o f t h e a p p l i e d d c v o l t a g e by a f a c t o r o f 100 a s compared t o t h e previ o u s work* d u e t o t h e e l i m i n a t i o n o f t h e v o l t a g e d r o p a c r o s s t h e LiNbO3. I n t h i s p a p e r t h e f e a s i b i l i t y o f t h e TAV measurement t e c h n i q u e t o CdTe and Hgl-x Cdx T e is demo n s t r a t e d u s i n g b o t h t h e s p e c t r o s c o p y and TAV v s a p p l i e d b i a s v o l t a g e measurements.
T r a n s v e r s e A c o u s t o -E l e c t r i c V o l t a g e and E x p e r i m e n t a l P r o c e d u r e TAV measurements i n g e n e r a l , c o n s i s t o f monit o r i n g t h e TAV a m p l i t u d e o r t r a n s i e n t t i m e c o n s t a n t s w h i l e t h e s e m i c o n d u c t o r s u r f a c e c o n d i t i o n i s v a r i e d by a n e x t e r n a l e x c i t a t i o n s u c h a s p h o t o n s , a p p l i e d b i a s f i e l d and h e a t i n g o r c o o l i n g . TAV a m p l i t u d e dependence on t h e e l e c t r o n i c p r o p e r t i e s of t h e s e m i c o n d u c t o r s u r f a c e is d e s c r i b e d e l s e w h e r e l o and i s p r o p o r t i o n a l t o t h e c o n d u c t i v i t y d i f f e r e n c e between t h e e l e c t r o n s and h o l e s .
F i g . 2 shows t h e p l o t o f TAV vs e l e c t r o n and
h o l e c o n c e n t r a t i o n u s i n g eqn. ( 1 5 ) of r e f e r e n c e l o .
The c o n s t a n t s u s e d f o r t h e f i g u r e are shown i n T a b l e I and t h e f r e q u e n c y o f SAW assumed i s 100 MHz. The form of t h e c u r v e is s i m i l a r f o r o t h e r semicond u c t o r s . The i m p o r t a n t f e a t u r e s o f t h e p l o t are: 1) n t y p e s u r f a c e c o n d u c t i v i t y e x h i b i t s a p o s i t i v e TAV and v i c e v e r s a f o r p t y p e .
2) There i s a maximum i n b o t h t h e n and p r e g i o n s . The r e a s o n i s t h a t f o r t h e i n t r i n s i c c a s e t h e r e are few c a r r i e r s t o i n t e r a c t w i t h t h e p r o b i n g e l e c t r i c f i e l d and t h e TAV i s v e r y s m a l l . A s t h e c o n c e n t r a t i o n o f t h e f r e e c a r r i e r s i n c r e a s e s , t h e TAV grows u n t i l i t r e a c h e s t h e maximum. A t h i g h e r c o n d u c t i v i t i e s , t h e f r e e c a r r i e r s b e g i n t o s c r e e n t h e p r o b i n g e l e c t r i c and t h e TAV a m p l i t u d e r e d u c e s .
Thus by m o n i t o r i n g t h e TAV a m p l i t u d e one c a n d i s t i n g u i s h between e l e c t r o n and h o l e s u r f a c e c o n d u c t i v i t i e s and a l s o o b t a i n t h e m a g n i t u d e o f t h e s u r f a c e c o n d u c t i v i t y . Because of t h e l a r g e d i f f e r e n c e i n e l e c t r o n and h o l e m o b i l it i e s , t h e peak TAV of n-type s a m p l e s is much l a r g e r t h a n t h a t o f p-type.
Because of t h e l a r g e bandgap of CdTe, TAV i s p r e d o m i n a n t o n l y i n small r e g i o n s of e l e c t r o n and h o l e c o n c e n t r a t i o n s . One s h o u l d n o t e t h e h i g h s e n s i t i v i t y of t h e TAV s i g n a l a t v e r y low c a r r i e r c o n c e n t r a t i o n s which e x t e n d s t h e measurement c a p a b i l i t y t o v e r y h i g h r e s i s t i v i t y s a m p l e s . This i s a d i s t i n c t a d v a n t a g e o v e r o t h e r measurement t e c h n i q u e s s u c h a s H a l l v o l t a g e and f o u r p o i n t p r o b e measurements. On t h e o t h e r h a n d , t h e s e n s it i v i t y of t h e TAV t e c h n i q u e d e c r e a s e s a t v e r y h i g h c a r r i e r c o n c e n t r a t i o n . Lock-in d e t e c t i o n o f t h e TAV a m p l i t u d e h a s a l l e v i a t e d t h i s problem t o some e x t e n t .
I
I n t h i s p i c t u r e trace ( a ) i s t h e 110 MHz i n p u t r f p u l s e w i t h a b o u t 2 . 5 .Jsec. T r a c e ( c ) shows t h e TAV s i g n a l o b t a i n e d from t h e HgCdTe s a m p l e which is a b o u t 7 p s e c d e l a y e d w i t h r e s p e c t t o t h e i n p u t r f p u l s e . The f i r s t peak i n t r a c e ( c ) w i t h no d e l a y ( t h e small peak) i s due t o t h e r a d i a t i o n from r f i n p u t p u l s e .
The t i m e c o n s t a n t a s s o c i a t e d w i t h t h e l e a d i n g e d g e o f t h e TAV s i g n a l can b e r e l a t e d t o t h e genera t i o n l i f e t i m e ( T~) and s u r f a c e g e n e r a t i o n v e l o c i t y (~~1 . 6
The
s e p a r a t i o n o f T~ and SE i s p o s s i b l e by t h e a p p l i c a t i o n o f a d e p l e t i n g d c ias f i e l d a c r o s s t h e s e m i c o n d u c t o r . 7 s i l i c o n w a f e r s ( u s e d f o r VLSI f a b r i c a t i o n ) as a n i n d i c a t i o n of t h e d e f e c t d e n s i t y . These p a r a m e t e r s c a n b e d e p t h p r o f i l e d by t h e new t e c h n i q u e i n t r o -
duced i n r e f e r e n c e 5. However, t h e s e e x p e r i m e n t s h a v e n o t b e e n performed as y e t f o r CdTe o r HgCdTe s a m p l e s .
T g and Sg a r e d e t e r m i n e d f o r S p e c t r o s c o p y o f TAV a m p l i t u d e i s u s e d t o r e v e a l t h e subbandgap a b s o r p t i o n and t h e i n t e r f a c e s t a t e s e n e r g y band s t r u c t u r e o f t h e s e m i c o n d u c t o r s . I n t h i s method, t h e w a v e l e n g t h o f t h e i n c i d e n t beam i s scanned i n t h e d e s i r e d r a n g e . The d e t e c t i o n s e n s i t i v i t y o f t h e subbandgap s t r u c t u r e s c a n b e enhanced by two beam s p e c t r o s c o p y as compared t o o n e beam, by t h e p r o p e r c h o i c e of t h e b i a s l i g h t w a v e l e n g t h .
The monochromatic i n c i d e n t i n c i d e n t beam i s chopped w i t h a m e c h a n i c a l c h o p p e r which a l s o p r ov i d e s t h e r e f e r e n c e s i g n a l f o r the l o c k -i n a m p l i f i e r and t h e p u l s e g e n e r a t o r . Bausch & Lomb monochrom a t o r (B & L C a t . #33-86-25 w i t h h i g h i n t e n s i t y t u n g s t e n s o u r c e ) is u s e d f o r t h e w a v e l e n g t h s i n t h e r a n g e o f 500 t o 3000 nm. The TAV a m p l i t u d e i s r e c o r d e d and p l o t t e d a g a i n s t t h e w a v e l e n g t h . To o b t a i n t h e d e s i r e d w a v e l e n g t h r w g e , three g r a t i n g s are used c o v e r i n g (500-750 nm), (700-1150 nm) and (1150-3000 nm) r a n g e s .
The i n c i d e n t p h o t o n f l u x i s k e p t c o n s t a n t up t o 2100 nm (by e x p e r i m e n t a l c a l i b r a t i o n u s i n g a t h e r m o p i l e ) and i s 7 x 1014/cm2 sec. For t h e wavelengths h i g h e r than 2100 nm t h e monochromator o u t p u t i s n o t e x p e r i m e n t a l l y c a l i b r a te d and o n l y t h e s p e c t r a l f l u x o u t p u t c u r v e , furni s h e d by t h e m a n u f a c t u r e r , i s used ( f o r g r a t i n g 33-86-04).
T h i s s p e c t r a l f l u x e x h i b i t s a s t r o n g d e c r e a s e of t h e o u t p u t power f o r wavelengths beyond 2750 nm. A h i g h r e s o l u t i o n HRS-2 ( J o b i n Yvon) monochromator w i t h 300 grooves/mm g r a t i n g i s a l s o used i n t h e s p e c t r a l r a n g e from 1600 t o 3200 nm. The r e s o l u t i o n of t h e s e measurements i s about 125A0 ( l o w e s t r e s o l u t i o n i s used t o o b t a i n a h i g h e r outp u t f l u x ) .
TAV measurements under t h e a p p l i e d dc b i a s (which modulates t h e s u r f a c e p o t e n t i a l and t h e d e p l e t i o n w i d t h ) a r e of g r e a t importance.
Both TAV a m p l i t u d e and t r a n s i e n t t i m e c o n s t a n t dependence on t h e b i a s v o l t a g e (TAV-V and T-V) are u t i l i z e d .
I n t h e s e e x p e r i m e n t s t h e new d e l a y l i n e s t r u c t u r e ( f i g . 1c.d) i s used. TAV-V p l o t s can b e used as a n o n d e s t r u c t i v e a l t e r n a t
i v e t o C-V measurements i n o r d e r t o d e t e r m i n e t h e o x i d e c h a r g e and f l a t band v o l t a g e of t h e r m a l l y o x i d i z e d s i l i c o n w a f e r s . * A new p r o f i l i n g t e c h n i q u e i s d e v i s e d which i s a p p l ic a b l e t o t h e measurements which a r e p r i m a r i l y sensi t i v e to t h e f r e e c a r r i e r c o n c e n t r a t i o n r a t h e r t h a n t h e d e p l e t i o n l a y e r t h i c k n e s s . 5 n i q u e and t h e TAV-V p l o t s , t h e f r e e c a r r i e r concent r a t i o n d e p t h p r o f i l e can b e o b t a i n e d 5 s i m i l a r t o t h e d i f f e r e n t i a l c a p a c i t a n c e methods. I n t h e TAV-V e x p e r i m e n t s , t h e f i r s t harmonic o f t h e TAV s i g n a l which i s d i r e c t l y p r o p o r t i o n a l t o t h e TAV a m p l i t u d e i s monitored by a lock-in a m p l i f i e r .
The e x t e r n a l b i a s v o l t a g e i s scanned o v e r t h e d e s i r e d r a n g e ( t y p i c a l r a n g e z 210 v o l t s ) and t h e TAV-V i s recorded. The o p e r a t i o n is s i m p l e and t h e r e is no need t o f a b r i c a t e any form o f c o n t a c t ( e . g . , MOS, pn, o r S c h o t t k y b a r r i e r ) t o t h e semiconductor s u rf a c e . The t i m e c o n s t a n t s a s s o c i a t e d w i t h t h e TAV t r a n s i e n t s are monitored under t h e a p p l i e d b i a s v o l t a g e 7 i n o r d e r t o d e t e r m i n e t h e g e n e r a t i o n l i f et i m e (Tg) and s u r f a c e g e n e r a t i o n v e l o c i t y (Sg). Using t h e TAV-V and T-V p l o t s s i m u l t a n e o u s l y , t h e p o s i t i o n of t h e recombination c e n t e r w i t h i n t h e semiconductor bandgap can be determined.7
By u s i n g t h i s tech-R e s u l t s and D i s c u s s i o n
The p r o p e r t i e s of t h e samples used f o r d i f f e re n t experiments are l i s t e d i n Table 11 TAV Spectroscopy TAV and photo-voltage s p e c t r a f o r Sample A a r e similar and shown i n f i g u r e 4. The spectrum is used t o e s t i m a t e t h e bandgap and t h u s t h e a l l o y composit i o n ( x ) of t h e HgCdTe sample. F i g u r e 3 shows t h a t f o r wavelengths h i g h e r t h a n 2000 nm t h e r e i s a s t r o n g minimum around 2350 run and a l s o t h e r e s p o n s e f a l l s o f f s h a r p l y f o r wavelengths h i g h e r t h a n 2500 nm. Minimum around 2350 run i s p a r t i a l l y a t t r i b u t e d t o t h e monochromator s p e c t r a l f l u x and p a r t l y t o t h e s a m p l e ' s o p t i c a l c h a r a c t e r i s t i c . The wavelength c o r r e s p o n d i n g t o t h e h a l f peak v a l u e of t h e s p e c t r a l r e s p o n s e ( t h e c u t t o f f wavelength, Ace) i s about 2500 nm o r 2.5 pm. Thus t h e bandgap can b e e s t i m a t e d t o b e a b o u t :
1.24 2.5
Eg 2 -= 0 . 5 eV .
The c o r r e s p o n d i n g a l l o y composition (x) i s e s t i ma t e d by l i n e a r i n t e r p o l a t i o n of t h e d a t a p r e s e n t e d i n r e f . 1 and i t i s a b o u t 0.44 which i s i n reasona b l e agreement w i t h t h e v a l u e o b t a i n e d by d e n s i t y measurements.
The p r e s e n c e of d i s c r e t e d e f e c t l e v e l s a t HgCd'Ie s u r f a c e i n f l u e n c e s t h e s p e c t r a and might e x p l a i n t h e r e s t of t h e s t r u c t u r e s . However, t o p i n p o i n t t h e i r e f f e c t , one needs t o perform t h e two beam s p e c t r o s c o p y which h a s n o t y e t been perf ormed.
TAV-V Measurement
I n F i g s . 5, 6 , and 7 t h e TAV-V p l o t s are g i v e n f o r Samples A , B and C r e s p e c t i v e l y . TAV p o l a r i t y i s n e g a t i v e a t z e r o b i a s v o l t a g e (sample A) i n d ic a t i n g a p t y p e s u r f a c e c o n d u c t i v i t y .
I n HgCdTe semiconductor t h e e l e c t r o n m o b i l i t y i s a b o u t 100 t i m e s h i g h e r t h a n t h e h o l e m o b i l i t y . S i n c e t h e TAV s i g n a l is r e l a t e
d t o t h e c o n d u c t i v i t y d i f f e r e n c e between e l e c t r o n and h o l e s , i t i s p o s s i b l e t o o b t a i n p o s i t i v e TAV p o l a r i t y even i f t h e e l e c t r o n c o n c e n t r a t i o n is about 100 t i m e s l e s s t h a n h o l e c o n c e n t r a t i o n .
By a p p l y i n g a p o s i t i v e D.C. v o l t a g e t o t h e HgCdTe s u r f a c e , t h e e l e c t r o n c o n d u c t i v i t y i n c r e a s e s (due t o t h e i n c r e a s e i n t h e s u r f a c e elect r o n c o n c e n t r a t i o n ) and t h e n e g a t i v e TAV a m p l i t u d e d e c r e a s e s . For f u r t h e r i n c r e a s e i n v o l t a g e , t h e s u r f a c e c o n d u c t i v i t y changes from p t o n t y p e , and a t around .15V t h e TAV i s z e r o and t h e n t h e TAV p o l a r i t y i s r e v e r s e d t o p o s i t i v e s i g n ( i n d i c a t i o n o f n t y p e s u r f a c e c o n d u c t i v i t y ) .
It should b e n o t e d t h a t i n f i g . 5 t h e h o r i z o n t a l c o o r d i n a t e i s t h e v a l u e of t h e a p p l i e d D.C. v o l t a g e a c r o s s t h e HgCdTe ( f i g . l ( c ) ) .
I n t h e n e g a t i v e d i r e c t i o n , t h e h o l e s i n c r e a s e due t o accumulation. TAV i n i t i a l l y i n c r e a s e s i n t h e n e g a t i v e d i r e c t i o n , r e a c h e s a peak a t -0.1V and by f u r t h e r i n c r e a s e of t h e v o l t a g e i n t h e n e g a t i v e d i r e c t i o n , i t d e c r e a s e s due t o t h e s c r e e n i n g e f f e c t of t h e h o l e s .
Curves s i m i l a r t o f i g . 5 have been o b t a i n e d f o r many samples. I n a l l t h e f i g u r e s , t h e s h a p e of t h e c u r v e remains more o r l e s s t h e same a l t h o u g h t h e v o l t a g e a x i s i s s h i f t e d i n d i c a t i n g a d i f f e r e n t f l a t b a n d p o t e n t i a l and p o s s i b l e d i f f e r e n t contaminant c h a r g e s on t h e s e m iconductor s u r f a c e . C-V measurements on s i m i l a r samples a l s o show t h i s change i n t h e s u r f a c e c h a r g e d e n s i t y f o r u n p a s s i v a t e d s u r f a c e s .
F i g . 6 shows t h e TAV-V f o r ZnS p a s s i v a t e d HgCdTe sample. Comparing f i g s . 5 and 6 w e n o t e t h a t t h e r e i s a s h i f t of (-0.8 -(+0.15)) = .05V i n t h e a p p l i e d v o l t a g e a t t h e TAV z e r o c r o s s i n g which i s due t o t h e change of t h e f l a t b a n d p o t e n t i a l between t h e p a s s i v a t e d and b a r e samples. TAV v s V a l s o h a s r a t h e r s h a r p peaks and v a l l e y s . P r e l i m i na r y t i m e c o n s t a n t measurements a l s o show s i m i l a r peaks and v a l l e y s a t t h e p r o p e r a p p l i e d v o l t a g e s as shown i n t h e f i g u r e . This b e h a v i o r can b e e x p l a i n e d by p o s t u l a t i n g t h e p r e s e n c e of d e f e c t levels w i t h i n the bandgap. Another explanation might be due to the strong hysteresis effect which is also observed in the C-V curves of passivated samples. Thus the data might point to the fact that proper equilibrium was not reached in the measurement. However, further detailed measurements are needed before any definite conclusions can be drawn.
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Fig . 7 shows the TAL' -V data for CdTe. At zero bias it is positive and increases dramatically for positive bias. However, for negative bias, very little change is observed. Noting the shape of TAL7 vs carrier concentration in fig. 2 ( c ) , one can conjecture that the sample is p-type and tends to get inverted with positive voltage.
A s discussedinref. 2 , from TAV-V plots using analytical modes and numerical computations, one can infer the flat-band potential and the equivalent interface charge density at the surface of the interface. However, this has not yet been perf ormed.
In conclusion, the SAW nondestructive surface and interface characterization technique has been applied to CdTe and HgCdTe. The study shows that useful characterization is feasible although there is much to be performed before it becomes useful for production of devices such as focal plane arrays. 
